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57 ABSTRACT 
A film of material (29) is deposited on a substrate (15), 
as, for example, in a sputtering process, wherein a gas 
permeable substrate (73) covers an opening (71) in a 
process chamber (14) of a passage communicating with 
a monitoring chamber (52). A monitoring gas is intro 
duced into one of the chambers to diffuse through the 
gas-permeable substrate (73) into the other of the cham 
bers. Its level of concentration is then monitored in at 
least one of the chambers while the film is being depos 
ited. As the film deposits on workpiece substrates 
within the process chamber, the film also deposits on 
the surface of the gas-permeable substrate. When the 
film on such gas-permeable substrate forms a continu 
ous surface, diffusion of the monitoring gas from one 
chamber to the other ceases. Consequently, an in 
creased concentration level of the monitoring gas may 
be detected in the one chamber and a decreased concen 
tration level may be detected in the other chamber. 
Such a change in the concentration level of the monitor 
ing gas is a process check to determine the when a 
continuous film has been deposited. 

20 Claims, 2 Drawing Figures 
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1. 

METHODS OF AND APPARATUS FOR 
DEPOSITING A CONTINUOUS FILM OF 

MINIMUM THICKNESS 

TECHNICAL FIELD 

This invention relates generally to depositing a film 
of material on a surface of a substrate, such as, for exam 
ple, by sputtering or by vapor deposition. More specifi 
cally, the invention relates to depositing a continuous 
film of material having a nonporous structure of a mini 
mum thickness on a substrate. As will be recognized 
from the description of the invention, the described 
methods and apparatus are applicable to various film 
deposition operations and appear useful not only in 
determining when continuous films of material are first 
obtained in a process, but further by making use of 
obtained data in controlling and optimizing various film 
deposition parameters. 

BACKGROUND OF THE INVENTION 
Vapor deposition and sputtering processes are known 

techniques for depositing very thin layers, commonly 
termed "films', of various materials on substrates. The 
thicknesses to which such films are deposited are often 
measured in Angstrom units (1 Angstrom unit equals 
100 meters). Typically, films deposited by sputtering 
and vapor deposition processes have thicknesses in the 
order of several hundred to several thousand Angstrom 
Units. The present invention will be described with 
respect to a typical, closed chamber sputtering process 
as a preferred embodiment. However, it should be un 
derstood that such description of a specific apparatus is 
only intended to highlight features of the invention 
without limiting the scope and application of the inven 
tion to the described apparatus. 

In the electronics industry, sputter-deposited films 
are sometimes used to provide metallization patterns for 
semiconductor devices. Sputter-deposited thin films are 
also used to provide on substrates, resistive films which 
are further processed into precision resistors and into 
conductors on hybrid integrated microcircuits. 

In such functional film depositions, as opposed to the 
deposition of decorative films on dinnerware, for exam 
ple, not only the precise thickness of a film, but also its 
quality, namely its density, is of significance. When a 
deposited film is analyzed by scanning electronimicros 

10 

15 

20 

25 

30 

35 

45 

copy, for example, differences in the microstructures of so 
various deposited films can be observed. 
The surface of a film may appear smooth and continu 

ous, even though only a relatively thin film, compared 
to other sputter-deposited films, may have been formed. 
On the other hand, a comparatively thicker film may 
show a ragged surface texture as a result of a loosely 
deposited and porous underlying film structure. A con 
tinued sputter deposition on such a film may ultimately 
yield a smoothly textured, continuous film surface; 
however, a layer of relatively greater thickness may be 
necessary to first obtain a layer of a homogeneous mi 
crostructure in this latter example. 

If a deposited film is to be used as a base material for 
a conductor or resistor in a microcircuit, strict control 
over the microstructure in such film is likely to effect 
production yields. Often such films are formed to a 
much greater thickness than is necessary to overcome 
any inconsistencies in the quality of their deposition, as 
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2 
may be caused by inadvertent changes in one or more of 
any number of deposition process parameters. 
One of these parameters which is likely to affect the 

quality of a deposited film of material is the quality of 
the underlying surface, typically a highly polished sub 
strate on which the film is deposited. In addition to the 
quality or surface smoothness of such substrate, the film 
may be affected by various other apparatus and process 
parameters, 

In a sputtering operation, for example, a chamber is 
substantially evacuated to an absolute pressure in the 
range of 10 torr. A gaseous ion source such as argon 
remains in the chamber between a cathode target and an 
anode. An electric discharge between the cathode and 
anode ionizes the gas, and a DC bias directs the ions 
against the target of the material to be sputtered. Mate 
rial is eroded from the target by the impinging ions and 
flies off toward a workholder where it deposits on the 
workpieces or substrates as a film. 
From this brief description of a typical sputtering 

operation it may appear that several variables such as 
pressure, temperature, electrical fields and material 
selections interact, and each of these variables may be 
modified either by intent or accidentally. Any change in 
any of the interrelated variables or parameters may, 
however, bring about a change in the microstructure of 
the film that is being deposited. At times, the signifi 
cance of a changed parameter and the effect of such 
change on the quality of a deposited film may not even 
be appreciated. 
Changes in the film quality may be brought about by 

a change in the process temperature, by vacuum 
changes, by changes in the ion density, or by whether or 
not AC high frequency enhancement currents are ap 
plied. Magnetic enhancement fields are often used in 
sputtering operations. A change in the magnetic field 
changes current flow and ion flow patterns within the 
chamber. Such changes are likely to affect the impact 
speed of deposited material. Consequently, a deposited 
film of optimum quality is apt to be obtained only when 
all of these interrelated factors are optimized with re 
spect to each other. 

It therefore appears to be highly desirable to have an 
in-process indicator to verify whether a particular film 
which is being deposited is of a desired quality or 
whether a change has occurred, resulting in a film of a 
quality different from that of a prior lot. When a change 
in the quality of a film is detected, it may at that point be 
too late to change some of the parameters of the ongo 
ing process. However, an early indication of a change in 
the quality of the microstructure of a film may be the 
only opportunity to detect otherwise hidden defects 
which ultimately tend to affect the useful life of the 
product. 

SUMMARY OF THE INVENTION 
In accordance with the invention, a film of a prede 

termined material is deposited on a surface of a gas 
permeable substrate located in a process chamber. The 
substrate covers an opening maintaining communica 
tion between the process chamber and a monitoring 
chamber. A monitoring gas is introduced into the moni 
toring chamber and its concentration level within the 
chamber is monitored during the period of depositing 
the film. A sudden change in the concentration level of 
the monitoring gas in the monitoring chamber is indica 
tive of the film having obtained a continuous or substan 
tially non-porous surface texture, thereby sealing the 
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communicating opening between the monitoring cham 
ber and the process chamber. 

BRIEF DESCRIPTION OF THE DRAWING 

Various features and advantages of the present inven 
tion will be best understood from the following detailed 
description of a preferred embodiment when read in 
reference to the accompanying drawing, wherein: 

FIG. 1 is a sectional schematic view of a film deposi 
tion apparatus including improvements in accordance 
with the present invention; and 
FIG. 2 is an enlarged portion of the schematic view 

of the apparatus of FIG. 1 showing in greater detail a 
communicating opening between a vacuum chamber 
and a monitoring chamber of the apparatus. 

DETAILED DESCRIPTION 
The Apparatus and its Operation 

Referring now to FIG. 1, there is shown a schematic, 
sectional view of a film deposition apparatus, such as a 
sputtering apparatus, designated generally by the nu 
meral 10. Typically, such apparatus employs an evacu 
able enclosure 12 about a process chamber, or in case of 
the sputtering apparatus, a vacuum chamber 14. 
To prepare the apparatus 10 for operation, work 

pieces or substrates 15 are loaded into the chamber 14 
through a sealable opening typically in either of the 
sides of the apparatus 10 or, as shown in FIG. 1, 
through an access opening 17 in the top of the enclosure 
12. The opening 17 is then sealed by a lid 18. 
The substrates 15 are placed onto a workholder or 

pallet 19, which may be located in the lower portion of 
the chamber 14 and which may have a flat, upwardly 
exposed workholding surface 21, as shown in FIG. 1. 
However, it should be realized that with respect to the 
precise structure and operation of the apparatus 10, 
there are many known structural alternatives available 
which have been employed with success in various 
types of sputtering apparatus. For example, some types 
of apparatus use in lieu of a flat pallet, either a dome 
shaped or a barrel-shaped workholder. . . . 
As will become apparent from the further description 

herein, the invention as described applies to, and may be 
used with, various types of sputtering or film deposition 
apparatus. A commonly used sputtering apparatus is a 
continuous process apparatus wherein pallets are intro 
duced at one end through a vacuum lock-type door (not 
shown) to traverse the apparatus and exit through a 
second lock-type door. Apparatus described hereunder 
may be modified to apply to and work with such an 
in-line sputtering apparatus as well. The depicted appa 
ratus of FIG. 1 in that light is not intended to limit the 
scope of this invention but to present a pictorial repre 
sentation of an embodiment thereof, by which the fea 
tures and advantages of the invention may be best ex 
plained. 
The pallet 19 itself, in an alternate embodiment, may 

be an anode in the sputtering circuit of the apparatus 10, 
or it may be at least part of an anode structure. How 
ever, in FIG. 1, an anode 23 is a short cylindrical struc 
ture separate from the pallet 19 and is located about a 
periphery 24 of the pallet 19. The anode 23 is supported 
in such position within the chamber 14 by a support 
structure 26 attached to the enclosure 12. The structure 
26 preferably further houses a ring-like passage 27 
which in turn is coupled to typical supply lines 28 for a 
coolant. 
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4 
A cathode or target 29 is suspended from the lid 18 

above the pallet 19. An electrical circuit 31 including a 
typical power source 32 couples the anode and the 
target into a functional sputtering circuit. The power 
source 32 typically provides a DC bias and the capabil 
ity of a high frequency AC signal superimposed on the 
DC sputtering bias voltage. 
For any sputtering action to become initiated, the 

chamber 14 is evacuated by a vacuum system 34 
wherein a vacuum pump 36 communicates with the 
chamber 14 through vacuum lines 37 opening into the 
chamber 14. A gas supply 38 introduces a gaseous ion 
source such as argon through a supply duct 39 into the 
chamber 14. Of course, the supply 38 including the duct 
39 may be integrated with the vacuum system 34. 
The apparatus 10 preferably further includes mag 

netic ion enhancement, achieved through electro-mag 
nets 41, which are mounted in a ring-like structure 42 
about the periphery of the enclosure 12. Polarities of the 
electromagnets 41 are arranged to permit the magnetic 
flux lines to extend into the enclosure 12 in a manner 
where the lines 43 would be crossed by ions and elec 
trons in their path between the electrodes 29 and 23. 
Magnetic deflection of the electrons by the magnetic 
flux lines 43 lengthens the paths of the electrons and 
enhances the amount of ionization of the gas for any 
given current flow. 

Monitoring the Film Deposition 
Referring again to FIG. 1, the apparatus 10 further 

shows passage-like monitoring chambers 51 and 52 
extending from the top surface 21 of the pallet 19 
through a mounting pedestal 54 of the pallet 19 to a 
monitoring chamber termination 56 which lies external 
to the evacuable enclosure 12 of the vacuum chamber 
14. 

In one embodiment, the termination 56 of each of the 
chambers 51 and 52 is coupled to a supply 58 of a moni 
toring gas which is preferably helium. The supply 58 is 
preferably what is known as a sensitivity calibrator or 
constant leak source. In such a constant leak source, a 
quantity of helium gas is maintained in a sealed vessel 
59. The vessel has a release valve 61 which, when 
opened, releases helium from the vessel at a constant, 
known and calibrated rate. The opening of the valve 61 
is coupled to one of the respective monitoring chambers 
51 or 52. Thus, when the valve 61 is opened, helium is 
released into each of the chambers at a known rate. The 
amount of helium released from the supplies 58 is ex 
tremely small in terms of volume, inasmuch as the 
amount may be measured in terms of atoms per second 
or in terms of cubic centimeters per year. A preferred 
rate of leakage for release into the monitoring chambers 
51 and 52 is, for example, a source calibrated at a leak 
age rate of 8x10-cm3/year. 
As shown in FIG. 1, a helium leak detector 64 is 

coupled to the monitoring chamber 52. Helium leak 
detectors are commercially available measuring instru 
ments, such as a mass spectrometer type leak detector, 
which is available from Veeco Instruments, Inc., in 
Melville, N.Y. Such leak detectors typically include a 
pump which draws in a gas through a duct, such as an 
intake duct 66 coupled to the monitoring chamber 51 or 
52. A sensor then quantitatively determines the mass 
and hence the number of helium atoms present in the 
sample of the gas. 
As previously described, the vacuum chamber 14 

remains in communication with the vacuum system 34 
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throughout the film deposition process. Typically, a 
vacuum in the chamber 14 is regulated to a value in the 
range of 102 torr. Also during the process of deposit 
ing a film of material on the substrates, each of the 
monitoring chambers, such as the monitoring chambers 
51 and 52, remain in communication with the vacuum 
chamber 14, as it is best explained in reference to FIG. 
2. 
FIG. 2 shows a portion of the pallet 19 and particu 

larly an inner opening 71 of the monitoring chamber 52 
to the vacuum chamber 14. The monitoring chamber 52 
is representative of any other monitoring chambers, 
particularly as shown in FIG. 1, such as the monitoring 
chamber 51. 
As will become apparent from the description of the 

function of the representative monitoring chambers 51 
and 52, the advantages described herein are derived 
from the use of at least one monitoring chamber. An 
advantage of the presence of the chamber 51 in addition 
to the chamber 52 is, in part, one of redundance and, in 
part, one of monitoring the film deposition process in 
different parts of the pallet 19. The function and advan 
tages of the monitoring chambers in general are, there 
fore, further explained specifically in reference to the 
monitoring chamber 52. 
As shown in FIG. 2, the opening 71 of the monitoring 

chamber 52 is covered by a gas-permeable test substrate 
73. The substrate is intentionally selected to be of a 
material which is porous to gaseous substances, yet the 
surface of the substrate is capable of supporting solid 
deposits. The substrate 73 is consequently capable of 
supporting deposited thin films of materials of substan 
tially similar microscopic structure as that of the films 
formed on the substrates 15. 
A material of such characteristics is, for example, 

beryllium oxide, which, even though it yields a 
smoothly prepared surface, is porous to gases, particu 
larly to helium. Beryllium oxide, also called beryllia, is 
available in wafer form from firms such as Brush Beryl 
lia, a division of Brush Wellman Inc., Cleveland, Ohio, 
or Kawecki Berylco Industries, Inc., Reading, Pa. The 
wafers are typically of square shape, measuring 2.25 
inches on each side and having a thickness of 0.012 or 
0.020 inch. 
As the vacuum chamber 14 is initially evacuated, 

referring to the space volumes above and below the 
pallet 19 as set out by phantom lines in FIG. 2, the gas 
pressure of the atmosphere in a space 74 above the 
substrate 73 decreases and the atmosphere in a space 76 
below the substrate 73 diffuses through the substrate 73, 
such that the gas pressure within the monitoring cham 
ber 52 remains substantially the same as that in the vac 
uum chamber 14. The pressure within the vacuum 
chamber 14 and the monitoring chamber 52 ultimately 
stabilizes at its working pressure in the range of 10-2 
tort. 
The number of atoms of the helium gas leaked at the 

predetermined rate from the supply 58 are so few rela 
tive to the total number of gaseous atoms or molecules 
remaining in the monitoring chamber at the established 
partial vacuum pressure, that an equilibrium between 
the amount of gas leaking from the supply 58 and the 
diffusing number of gaseous atoms or molecules be 
comes established and remains constant. 

Consequently, at the beginning of the film deposition 
process, the leak detector 64 coupled through the duct 
66 to the chamber 52 (see FIG. 1) detects and indicates 
the presence of helium at a first level, such level de 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
pending, of course, in part, on the geometry of the 
chamber 52, on the gas pressure of the partial vacuum in 
the vacuum chamber 14, and on the leak rate of the 
supply 58. The porosity of the substrate 73 appears to 
the helium as an opening through which it readily dif 
fuses as indicated by the arrows 78 in FIG. 2. 

Because of desirably selected low leak rates of the 
supply 58, a film 79 which becomes deposited on the 
substrate 73 will not affect the diffusion of helium atoms 
through the substrate 73 until such film 79 has grown to 
a substantially continuous surface structure. At that 
point in the film deposition process, diffusion of the 
helium through the diaphragm formed by the substrate 
73 becomes impeded and is then substantially elimi 
nated. As a result the level of helium in the monitoring 
chamber 52 begins to increase suddenly at the same rate 
as the rate of leakage of helium from the supply 58. The 
increase of helium in the monitoring chamber 52 is an 
indication that a continuous film of material has been 
formed on the test substrate 73. The film now blocks the 
escape of the gas from the monitoring chamber 52 to the 
vacuum chamber 14. When the sputtering process is 
discontinued at this point, the test substrate 73 has a 
continuous film of minimum thickness of the sputtered 
material. 

Advantages of the Monitoring Process 
Unless process or apparatus parameters are altered, 

the quality of deposited films typically does not vary 
much between lots. Even though some variations in the 
films may occur, in a typical, operational metal sputter 
ing process a continuous film of a metal can be expected 
when the film has reached a thickness of about 50 Ang 
strom units. However, conductors in microcircuits typi 
cally employ sputtered metal film thicknesses in the 
range of 500 Angstrom units. Therefore, in typical state 
of-the-art sputtering processes, continuous layers of 
sputtered materials are reached even under less than 
optimum sputter conditions. The advantage of the de 
scribed monitoring process lies in its ability to establish 
for various materials optimum sputter conditions. Such 
optimum conditions appear to be present when a contin 
uous film may be formed with the least material deposi 
tion. Subsequent material deposition provides further 
assurance that the deposited film 79 is, in fact, continu 
ous, and that any additional material is deposited under 
optimized conditions. 

In employing the described process and apparatus, it 
should also be realized that a continuous film may form 
on the substrates 15 before a similar film deposited on 
the test substrates 73, becomes similarly continuous. 
The film deposited on the substrates 15 or workpieces 
will then have layers of a continuous film with a greater 
integrity than the films on the test substrates 73. The 
converse may also occur, namely, that the film on the 
workpiece substrates 15 reaches a continuous surface 
structure after the film formed on the test substrates 73 
becomes continuous. Consequently, the film on the 
substrates 15 may not be completely coated when the 
process initially indicates a continuous film thickness. 
Such differences between the films on the workpiece 
substrates 15 and the test substrates 73 advantageously 
can be determined by optical, microscopic inspection in 
routine methods of analysis. 

Routine trials include timing the duration of the film 
deposition from the beginning of the process until a 
continuous film is first deposited on the test substrates 
73. The process is then discontinued and the deposited 
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films on the substrates 15 are analyzed. Initial data 
which indicate a difference in the time at which a con 
tinuous film is first formed on the substrates 15 and the 
test substrates 73 are then used to arrive at a proper 
correlation for a satisfactory film deposition on the 
workpiece substrates 15 in subsequent operations. 
Once such a correlation is established, the described 

process and apparatus may be used to maintain optimum 
deposition parameters. Detrimental changes may be 
detected and corrected, wherein one such immediate 
correction may be to extend the time for forming a 
continuous film on the workpiece substrates 15. The 
availability and function of the monitoring chamber 52 
consequently offers an in-process control for detecting 
process changes which are otherwise not detectable 
until after the completion of a process lot. 

Additional Features and Cooperative Steps 
Referring again to FIG. 1, the preferred embodiment 

of the invention shows monitoring chamber 51 and 52 
and a helium supply 58 coupled to each of the monitor 
ing chambers. Each of the monitoring chambers 51 and 
52 has an opening 71 into the vacuum chamber 14 
which is located at a distinct distance from a central axis 
81 through the apparatus 10. Consequently, each moni 
toring chamber 51 and 52 is capable of also furnishing 
information which is indicative of a thickness profile of 
the deposited film with respect to the central axis 81 of 
the apparatus 10. Thus, in addition to the described 
respective monitoring chambers 51 and 52 further moni 
toring chambers may be added to the apparatus. 

It may also be desired to couple a leak detector to 
each of the monitoring chambers 51 and 52. While using 
a separate leak detector 64 for each of the chambers 
appears desirable, a common leak detector is preferred 
for reasons of economy. A switching manifold valve 82 
is therefore preferred in the duct 66 from the monitor 
ing chambers to the leak detector 64. The valve 82 
permits each of the monitoring chambers 51 and 52 to 
be tested in sequence to determine whether the estab 
lished concentration level of helium continues to exist in 
the respective monitoring chamber. 

In an alternate embodiment, typical state-of-the-art 
data processing equipment, such as any one of a number 
of commercially available microcomputers, a mi 
crocomputer 83 being shown in phantom lines in FIG. 
1, may be added to evaluate received data from the 
monitoring chambers 51 and 52. An analog signal out 
put from the leak detector 64 is therefore coupled 
through a signal line 84 to a typical analog to digital 
data interface of the microcomputer 83. The microcom 
puter 83 may then further be coupled by a control signal 
line 84 to the power source 32 to control the power 
source 32 as, for example, to shut down the operation of 
the apparatus 10, or to increase or decrease either the 
DC bias current or an AC current. The length of time 
required to form a continuous film on the test substrates 
73 is monitored and recorded. The film deposition may 
be discontinued through a control signal to the power 
source 32 immediately upon an indication that a contin 
uous film has been deposited on the test substrate 73. In 
a typical film deposition operation, however, the opera 
tion of the apparatus 10 is continued for a selected time 
after the leak detector 64 indicates that a continuous 
film has formed on the test substrate 73. 
Using the valve 82 in lieu of separate leak detector 

sets becomes more economical in the apparatus 10 when 
the pallet 19 is exchanged for a different pallet contain 
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8 
ing more than two monitoring chambers. It is recog 
nized that the use of a plurality of the monitoring cham 
bers, such as the chamber 52, is desirable for controlling 
apparatus characteristics. On the other hand, the test 
substrates 73 covering the openings like diaphragms, 
take up valuable space on the surface 21 of the respec 
tive pallet. However, depending on the type of appara 
tus and the particular shape of the pallet 19 or susceptor, 
the inclusion of a plurality of monitoring chambers in 
addition to the chambers 51 and 52 may be desirable. In 
such an embodiment, the valve 82 sequentially switches 
to each one of such monitoring chambers to permit the 
leak detector to ascertain the helium concentration 
sequencially from each of such chambers. 

FIG. 1 shows a duct 86 as a communicating passage 
between the leak detector and the vacuum chamber 14. 
Through the duct 86, sensing elements of the leak detec 
tor are, in one embodiment, coupled directly to the 
vacuum chamber 14. The duct 86 may either communi 
cate directly between the leak detector 64 and the vac 
uum chamber 14, as it is shown in FIG. 1, or the duct 
may be routed through the sequential switching valve 
82. Thus, in a first embodiment, the duct 86 is advanta 
geously used as a differential information input. As a 
continuous film forms on the test substrates 73, the 
diffusion of helium atoms from the monitoring cham 
bers 51 and 52 ceases. Consequently, in the monitoring 
chambers 51 and 52, the helium concentration begins to 
rise. In contrast the vacuum pump 36 continues to re 
move helium atoms from the vacuum chamber 14. Us 
ing, for example, the helium concentration in the moni 
toring chambers 51 and 52 as a datum, the concentration 
of helium in the vacuum chamber 14 is observed to 
decrease more rapidly with respect to the increasing 
level within the monitoring chambers than with respect 
to a steady state concentration level. 
From the previous discussion of changes and im 

provements on the depicted apparatus 10, it should be 
apparent that various other changes and modifications 
to the apparatus and in the methods of forming thin 
continuous films are possible without departing from 
the spirit and scope of the invention described herein. In 
an alternate embodiment, for example, helium is intro 
duced into the vacuum chamber 14 through the gas 
supply 38 as a mixture of and together with the ion 
source gas which is typically argon. The helium supply 
58 is, in such embodiment, not coupled to the termina 
tions 56 of the monitoring chambers. However, the 
helium diffuses through the permeable substrates 73 into 
the monitoring chambers. The concentration level of 
the helium within the monitoring chambers 51 and 52 is 
again monitored by the leak detector. The monitored 
gas samples may then be exhausted through the duct 86 
directly into the vacuum chamber 14. When a continu 
ous film has been formed on the substrates 73, a de 
crease of the helium concentration within the monitor 
ing chambers 51 and 52 is observed by the leak detector 
64. This latter embodiment may become particularly 
advantageous, when the ambient in the vacuum cham 
ber is kept at a pressure higher than the gas pressure in 
the leak detector. Typically, commercial leak detectors 
include vacuum pumps to produce near vacuum condi 
tions at their sensing elements. 
Another modification relates to monitoring the pres 

ence of a continuous film by apparatus other than the 
described leak detector. While in the described embodi 
ment, the leak detector senses and displays a concentra 
tion of helium within the monitoring chambers. It is 



9 ... ." 
within the scope and spirit of the invention to replace 
such a typical leak detector by a sensitive pressure mon 
itor. Particular pressure readings may be made most 
advantageously by a differential pressure monitor using 
the vacuum chamber 14 as a reference basis through the 5 
duct 86 shown in FIG. 1. 
What is claimed is: : . 
1. A method of depositing a continuous film of mate 

rial on a plurality of first substrates supported in a pro 
cess chamber comprising: 

supporting in said process chamber adjacent to said 
plurality of first substrates a second, gas-permeable 
substrate above an opening to a communicating 
passage between the process chamber and a moni 
toring chamber, such that such second substrate 
covers the opening to the communicating passage; 

adding a monitoring gas to the atmosphere within a 
first one of the chambers while removing gas from 
the atmosphere of the second one of the chambers; 

depositing a film of a selected material on a surface of 20 
such second substrate and simultaneously there 
with on surfaces of such first substrates within the 
process chamber; 

monitoring the level of the concentration of the moni 
toring gas within at least one of the chambers; and 

detecting a change in the level of the concentration of 
the monitoring gas as indicative of a continuous 
film having formed on the surface of the second 
substrate, such indication of a continuous film hav 
ing formed on the second substrate indicating that 
a similarly continuous film has formed on the adja 
cent first substrates. 

2. A method of depositing a continuous film of mate 
rial according to claim 1, wherein the monitoring gas is 35 
helium, and adding a monitoring gas to the atmosphere 
of a first one of the chambers comprises releasing such 
helium at a predetermined rate from a sensitivity cali 
brator into the atmosphere of the first chamber from 
where it is permitted to diffuse through the second 
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substrate until such time that a continuous film of mate 
rial has formed on the second surface of the substrate. 

3. A method of depositing a continuous film of mate 
rial according to claim 1, wherein adding a monitoring 
gas to the atmosphere within a first chamber while 
removing atmosphere from the second chamber com 
prises releasing helium at a predetermined rate into the 
atmosphere of said first chamber while evacuating re 
sidual gases from said second chamber for the duration 
of depositing said film of the selected material on said 50 
surface of the second substrate. 

4. A method of depositing a continuous film of mate 
rial according to claim 1, wherein the monitoring gas is 
released at a predetermined leak rate into the monitor 
ing chamber while the atmosphere is removed at least 
from the process chamber to maintain substantially a 
vacuum within the process chamber for the duration of 
depositing a film of selected material. 

5. A method of depositing a continuous film of mate 
rial according to claim 4, wherein monitoring the level 60 
of concentration of the monitoring gas within at least 
one of the chambers comprises sampling the atmo 
sphere within at least one of the chambers with a mass 
spectrometer type leak detector. 

6. A method of depositing a continuous film of mate 
rial according to claim 5, wherein the mass spectrome 
ter type leak detector samples the gas of the monitoring 
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7. A method of depositing a continuous film of mate 

rial according to claim 6, wherein the monitoring gas is 
helium and the leak detector is calibrated to indicate the 
presence and concentration of helium. 

8. A method of depositing a continuous film of mate 
rial according to claim 7, which further comprises: 

timing the duration of carrying out the step of depos 
iting a film of a selected material; and 

marking the time interval from the beginning of de 
positing a film of a selected material until such time 
that the leak detector first detects a change in the 
level of the helium concentration which is indica 
tive of a continuous film having formed on the 
second surface of the substrate. 

9. A method of depositing a continuous film of mate 
rial according to claim 8 which further comprises con 
tinuing depositing a film of a selected material for a 
predetermined period of time past the marked time 
interval terminated by the leak detector first detecting a 
change in the level of the helium. 

10. A method of depositing a continuous film of mate 
rial according to claim 8 wherein the deposition of a 
film of a selected material is stopped at the end of the 
marked time interval indicating that a continuous film 
of minimum thickness has been deposited. 

11. A method of depositing a continuous film of mate 
rial according to claim 1, further comprising: 

recording the time span beginning with the time 
when the film of a selected material is first depos 
ited on the surfaces of the first and second sub 
strates and ending with a detection of a change in 
the level of the concentration of the monitoring 
gas. 

12. A method of depositing a continuous film of mate 
rial according to claim 11, which comprises discontin 
uing to deposit the film of a selected material at a prede 
termined time subsequent to the recorded time span. 

13. Apparatus for depositing a continuous film of 
material on a plurality of substrates, which comprises: 

a first enclosure forming a process chamber; 
means for supplying a source material to the process 
chamber; 

means for supporting a plurality of first substrates 
within the process chamber; 

at least one monitoring chamber including at least one 
communicating passage terminating in an opening 
within the process chamber; 

means for depositing such source material on said 
substrates to form films thereon; 

at least one second, gas-permeable substrate, said 
gas-permeable substrate covering said opening of 
each such at least one passage for supporting such 
formed films of material thereon; 

means for diffusing a monitoring gas through the 
gas-permeable substrate; and 

means for monitoring the diffusion of said monitoring 
gas through the second, gas-permeable substrate 
and for indicating when such diffusion through the 
second, gas-permeable substrate ceases, such cessa 
tion being indicative of a continuous film of said 
material having been deposited. 

14. Apparatus for depositing a continuous film of 
material according to claim 13, wherein said means for 
diffusing a monitoring gas through the substrate com 

ses: 
p means coupled to said at least one monitoring cham 

ber for supplying the monitoring gas to said moni 
toring chamber. 
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15. Apparatus for depositing a continuous film of 
material according to claim 14, wherein the monitoring 
means comprises a mass spectrometer type leak detec 
tor which is coupled to said at least one monitoring 
chamber for measuring a concentration level of such 
monitoring gas within such at least one monitoring 
chamber. 

16. Apparatus for depositing a continuous film of 
material according to claim 14, wherein the means cou 
pled to the at least one monitoring chamber for supply 
ing the monitoring gas comprises a helium source type 
sensitivity calibrator having a known leak rate of he 
lium gas, and the monitoring means comprises a mass 
spectrometer type leak detector which is coupled to the 
at least one monitoring chamber and is calibrated to 
measure the concentration level of helium within said at 
least one monitoring chamber. 

17. Apparatus for depositing a continuous film of 
material according to claim 16, wherein said process 
chamber is a sputtering chamber and said means for 
supplying a source material is a target supported within 
the chamber and adapted to secure a quantity of target 
material which is to be sputtered. 
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18. Apparatus for depositing a continuous film of 

material according to claim 17, wherein: 
such at least one monitoring chamber comprises at 

least two monitoring chambers, each of such at 
least two monitoring chambers terminating in such 
opening at a surface of a pallet capable of support 
ing a plurality of the first substrates in addition to 
such second, gas permeable substrates; and 

the apparatus further comprises means for sequen 
tially coupling each of said at least two monitoring 
chambers to the leak detector. 

19. Apparatus for depositing a continuous film of 
material according to claim 18, which comprises means 
for sequentially coupling the sputtering chamber and 
such monitoring chambers to the leak detector. 

20. Apparatus for depositing a continuous film of 
material according to claim 13, wherein said means for 
diffusing a monitoring gas through the substrate com 
prises: 

means, coupled to said process chamber, for supply 
ing the monitoring gas to said process chamber, 
whereby the monitoring gas diffuses through said 
at least one substrate into said at least one monitor 
ing chamber. 

k s 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
PATENT NO. : 4, 466, 872 
DATED August 21, 1984 
INVENTOR(S) : I. B. Einbinder 

It is certified that error appears in the above-identified patent and that said Letters Patent 
is hereby Corrected as shown below: 

Column 6, line 5l "73, " should read --73--. In the 
claims, Column 9, claim 2, line 42, "on the second surface 
of the substrate" should read --on the surface of the 
second substrate--. Column l0, claim 8, lines l3 and lar 
"on the second surface of the substrate" should read --on the 
surface of the second substrate--. 

eigned and Sealed this 
Twenty-sixth Day of February 1985 

SEAL 
Attest 

DONALD J. QUIGG 

Attesting Officer Acting Commissioner of Patents and Trademarks 

  


